The pervasive beneficial effects of probiotics are important for the maintenance of mammalian homeostasis. The probiotic products are consumed by people in their various forms available in Bangladesh. In this context, this study is taken into consideration to identify and characterize bacteria to confirm the scientific data needed for improvement in probiotic products as current therapies. Five probiotic samples were collected from pharmaceutical companies available in the retail pharmacy, Rajshahi. The probiotic samples are tested before expiration dates as marked on manufacturer packages. The culture media used were Czapek Dox (pH 5.3), MRS and nutrient broth and agar for the investigation of lactic acid bacteria. The identified lactic acid bacteria (LAB) were lactobacillus acidophyllus (LAB 1), Lactobacillus bulgaricus (LAB 2), Lactococcus lactis (LAB 3) and Biffidobacterium biffidum (LAB 4) based on morphological characteristics, catalase activities, milk coagulation, carbohydrate fermentation profiles, resistance to antibiotics and other biochemical tests. The rejuvenation of probiotics particularly LAB from the probiotic samples can be used in other purposes such as biopreservation of lemon, orange juices with better tastes and fermented products like curds as well as hygienic qualities of other dairy products.
Introduction
The mammal body is an excellent culture medium which provides nutrients and supports environment for the growth of a wide variety of microorganisms. The components of microbial species are known as the human microbiota. The peak bacterial population is found in the gut. Since the gut is essentially sterile at birth, a well-balanced microbial intestinal colonization is necessary for the development of appropriate immune responses in early postnatal life and to establish immune homeostasis later in life. Thus, probiotics in gut microbiota play an important role in the regulation of intestinal microbial homeostasis by maintaining gastrointestinal barrier functions such as prevention of pathogens from surface adhesion, interference with the ability of pathogens to colonize which in turn help to maintain the whole body homeostasis [1, 2] . Any disturbances in the microbial colonization associate with an increased risk of numerous diseases such as gastrointestinal and autoimmune diseases. Probiotics have been classically defined as the live microorganisms actively enhance health benefit to the hosts [3] . Emerging published clinical evidences suggest that probiotics help to prevent various disease conditions such as gastrointestinal diseases like inflammatory bowel diseases, colorectal cancer, metabolic syndromes, Alzheimer's disease, autistic spectrum disorders, chronic fatigue syndrome, Parkinson's disease, autoimmune diseases like rheumatoid arthritis and multiple sclerosis, allergic diseases and, gynecological diseases (vulvo-vaginitis and mastitis) [3] [4] [5] [6] [7] [8] .
Recent studies on probiotic products showed that lactic acid bacteria are the main probiotic bacteria in the pharmaceutical preparations [3] . The interesting groups of microorganisms, lactic acid bacteria are characterized by their abilities to ferment carbohydrates into lactic acid, a weak acid conducive to the conservation and improvement of the organoleptic quality of food. Lactic acid bacteria comprise diverse groups of Gram-positive and non-spore-forming microorganisms. The growth of interest of lactic acid bacteria in the food industry lies mainly in their ability to convert some sugars into lactate and so, to acidify the surrounding environment. Fermentable carbohydrates are used as energy sources and are degraded to lactate (homofermentatives) or to lactate and additional products such as acetate, ethanol, carbon dioxide, formate, or succinate (heterofermentatives) [9] . The lactic acid bacteria produced as commercial starter cultures are pure cultures or a mix belonging to the genera Streptococcus, Lactobacillus, Enterococcus, Leuconostoc, Aerococcus Lactococcus, Streptococcus, Pediococcus and Bifidobacterium [10] . Thus, lactic acid bacteria can be widely used in food fermentation technology. The manufacturing of high-quality dairy and/or nondairy products requires close attention to characterization, differentiation, and maintenance of lactic acid bacteria as starter culture strains. The aim of the present study is to identify and characterize lactic acid bacteria in species level which can be used for several purposes such as biopreservation of fruit juices like lemon, orange juices with better qualities and extended shelf-lives or improved the tastes of fermented products like curds as well as hygienic qualities of other dairy products in addition to their therapies.
Experimental

Sampling and isolation
Five probiotic pharmaceutical preparations namely Probio (Square Pharma Ltd, Bangladesh), Prolacto (Drug International Ltd, Bangladesh), Protik Vitality (Kemiko Pharma Ltd, Bangladesh), Preotik (Meridian Medicare Ltd, India) and TS6 (Tensall Bio-Tech Company Ltd, Taiwan) were procured randomly from retailed pharmacy in Rajshahi division. The collected samples were stored in a refrigerator to maintain physical stability of the products. Total viable lactic acid bacteria counts in each sample were analyzed by spread plating the serially diluted samples onto the culture media, De Man, Rogosa and Sharpe (MRS) medium and nutrient broth and agar. After incubation at 15-37°C for 72 h, colonies with clear zones were counted. Some of these colonies are selected and purified on nutrient agar medium and preserved the slants for a long time.
Identification of bacterial strains
For morphological characterization of probiotic bacteria, at first all colonies were used for microscopic observations such as colony morphologies including sporulation, margin elevation, surface pigmentation, opacity, growth patterns inside, at the bottom or on the surface of the medium and the rate of growth. The colony cultures were identified according to their physiological and biochemical characteristics [11, 12] . The biochemical tests used were Gram staining; production of catalase; growth at different temperatures (15°C, 25°C, 37°C and 45°C) for 3 days; growth resistance at 60°C for 30 min (Sherman test); growth at different NaCl concentrations and different pHs (2.5-6.5); fermentation profile of different sugars such as cellobiose, dextrin, fructose, glucose, galactose, lactose, mannose, sucrose, salicin or maltose in 1% w/v, lactic acid production from 1% w/v lactose and motility [13, 14] . For catalase test, in brief, growth from an overnight culture of the microbe was smeared on a microscope slide. A drop of 3% hydrogen peroxide (H 2 O 2 ) was added. If copious bubbles were observed, the microbe was positive for catalase otherwise negative. Colonies were characterized on nutrient and MRS agar and broth media. Strains with gram positive and catalase negative reactions were finally used for further identification [15] .
Testing for susceptibilities to antibiotics
Bacterial antibiotic resistance was determined on solid MRS agar by the use of nine different antibiotic discs (Table 1) . The results (average of 3 readings) were expressed as sensitive (S) or resistant (R) by following the standard disc diffusion method [14, 16] . Standard antibiotics such as penicillin G (10 μg), amoxicillin (30 μg), ceftriaxone (30 μg), ceftazidime (30 μg), kanamycin (30 μg), tetracycline (30 μg), streptomycin (10 μg), erythromycin (15 μg) and ciprofloxacin (5 μg) were used for this study [16, 17] .
Results
Here, we intended to identify mostly the probiotic bacteria which were potential for lactic acid production in MRS agar. The purification step of bacteria was performed by shifting Gram positive rods and cocci shaped bacteria to the plates of MRS agar media separately and repetitively. Lactic acid bacterial colonies were marked on the surface of MRS agar plates. In most of the cases more than one colony was recognized. With the help of a microscope, bacterial cultural and morphological characteristics were examined. A wide variety of microorganisms were distinguished, majority of them associated with the Gram positive, catalase-negative, non-motile, branched rods with singly in chains or clumps or non-filamentous rod-shaped microorganisms bends or with a large variety of branching although some are appeared in cocci shaped bacteria abled to produce lactic acid as main end-product of the fermentation of carbohydrates. After initial identification of lactic acid bacteria, the representative family, Lactobacillaceae and Bifidobacteriaceae were determined and the genus, Lactobacillus and Bifidobacterium were confirmed and segregated from other referred genus Lactococcus, Pediococcus, and some Leuconostoc [14, 18, 19] . Here, probiotic lactic acid bacteria were given priority to investigate for identification with rod and cocci shaped lactic acid bacteria only (other shaped sized bacteria were excluded). Finally, at least four strains of pure cultures (LAB 1-4) were selected for various biochemical and physiological characterizations and the results are given in Table 1 . These tests showed that all the four strains were Gram positive, non-spore rods and cocci (died at 60ºC for 30 min), motility negative and coagulated milk (Fig. 1) . Moreover, there were no strains that exhibited any catalase activity. The optimum temperature for growth of most lactic acid bacteria (LAB 1-4) was between 30ºC and 37 ºC. Usually no growth was observed for the bacteria at temperatures below 20ºC or above 46ºC. LAB1-4 could tolerate lower pH levels than many other bacteria. LAB 1 and 2 were able to grow and survive in fermented milks with pH values between 3.5 and 4.5. LAB 4 tended to be less acid tolerant, surviving poorly in fermented milk at pH levels below 4.5. LAB 3 could survive in coagulated milk at pH values more than 5.5. The proper growth of LAB 1-4 were observed between 3.5-4.5% NaCl. LAB 1 could survive at high level of NaCl concentration (6.5%). It was observed that all the bacteria LAB 1-4 could not survive in presence of below 2.5% and above 6.5% NaCl concentrations. All the strains were characterized further by sugar fermentation profiles and the results are appeared in Table 1 . These results indicated that LAB 1 and 3 were strictly heterofermenters because both of them showed positive reactions for all the carbohydrates used (e.g. from cellobiose to maltose in Table 1 ). The results for LAB 2 indicated that the strain fermented fructose, glucose, galactose, lactose and mannose only but no other sugars. LAB 4 showed positive reactions with all the tested sugars except mannose, salicin. Table 1 showed the results obtained for antibiotic susceptibility of the eight different antibiotics tested. All strains were susceptible to ciprofloxacin, ceftriaxone, streptomycin, kanamycin and erythromycin. The strains LAB 1, 2 and 4 showed resistance to penicillin; LAB 3 was resistant to tetracycline and all the strains were resistant to ceftazidime ( 
Discussion
Probiotics, the live microorganisms enhance actively in health benefit to the host. The beneficial effects of probiotic lactic acid bacteria are suggested to be due to a number of factors including regulation of intestinal microbial homeostasis, changes in the availability of nutrients and finally modulation of local and systemic immune responses [3] . Most of the probiotic microorganisms have a long history in biopreserving foods from spoilage microorganisms through inhibition of pathogenic bacteria and preservation of nutritive qualities of raw food material for an extended shelf life [20, 21] . Therefore, it is important to identify and characterize probiotic lactic acid bacteria from commercially available that can be used for other purposes such as biopreservation of dairy and/or non-dairy food products. The results showed in Table 1 that all the four strains were non spore-forming rods and cocci, gram positive, nonmotile and non-catalase activity. So, these stains were fallen in the two families Lactobacillaceae (genus Lactobacillus) and Bifidobacteriaceae (genus Bifidobacterium). The results of growths at different NaCl concentrations suggested that all samples of probiotic lactic acid bacteria showed proper growth at 3.5-4.5% NaCl concentration except LAB 1 which could grow at higher concentration (6.5%). Based on the sugar tests, LAB 1 and LAB 3 showed positive reactions for all the tested sugars. The results for LAB 4 indicated that the strain gave negative reactions with only mannose and salicin while positive reactions were observed with all the other sugars. LAB 2 gave positive reactions with fructose, glucose, galactose, lactose and mannose only but no other sugars.
The results obtained from antibiotic susceptibilities of different antibiotics tested indicated that all strains were susceptible to most of the antibiotics including ciprofloxacin, ceftriaxone, streptomycin, kanamycin and erythromycin. However, all the strains showed resistance to antibiotics such as penicillin G except LAB 3, ceftazidime (all strains) or tetracycline (LAB 3 only). As the wide spread antibiotic resistance might be dependent on excessive or indiscriminate use of antibiotics in this area of the world or due to chromosomal resistance, all the isolated lactic acid bacteria were resistance for different antibiotics such as ceftazidime, penicillin G or tetracycline. These results indicate mesophilic facultative heterofermentative lactobacillus acidophyllus (LAB 1) and Lactobacillus bulgaricus (LAB 2) and thermophilic obligate homo-fermentative Lactococcus lactis (LAB 3) and Biffidobacterium biffidum (LAB 4).
Traditional probiotic strains of lactic acid bacteria had a long history of safe use. There is considerable interest in extending the use in food preservation as well as immunomodulation by incorporating probiotic organisms from dairy foods to infant formulae, baby foods, fruit juice based [22] and cereal-based products and pharmaceuticals due to the ability of antimicrobial compound production by lactic acid bacteria [23, 24] . Thus, understanding the interactions between the involved microorganisms, in different food systems, is very important in successful application of lactic acid bacteria to control other pathogenic microorganisms. This information is important in identification and selection of lactic acid bacteria for mix cultures as well as in the selection of stimulant bacteria in antimicrobial compound production using lactic acid bacteria.
Conclusion
This study provides a first time investigation of identification and characterization of lactic acid bacteria used in commercially probiotic products available in the local pharmacy market, Bangladesh. The identified probiotic lactic acid bacteria include lactobacillus acidophyllus (LAB 1), Lactobacillus bulgaricus (LAB 2), Lactococcus lactis (LAB 3) and Biffidobacterium biffidum (LAB 4) based on carbohydrate fermentation profiles, catalase activities and other biochemical tests. Although before isolation of these strains of lactic acid bacteria, there are different bacteria morphologies in the probiotic samples and the presence of traces pathogenic bacteria cannot be ruled out due to different sources, storage conditions or others. So, further investigation is required to identify these bacteria other than lactic acid bacteria in order to confirm the clarification of probiotic products by pharmaceutical companies. 
